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Methodology	 Definition	of	Approach	 Expectations	 Outcome	
Computer	aided	
design	(CAD)	
Use	computer	software	for	
design	objects	in	3D	
precisely	(Rouse,	2011).	
The	aim	is	to	visualize	and	
modify	the	form	in	3D.	
CAD	models	were	built	and	
finalized.	
Prototyping	&	
testing	
It	is	to	rapidly	make	low-
fidelity	model	of	an	idea	to	
explain	the	concept,	from	
which	more	refined	forms	
and	details	can	be	
developed	(Rouse,	2005).	
The	researchers	aim	at	
creating	a	mechanical	
function	model	to	test	the	
assumption	of	utilizing	
sensing	and	alerting	
technology.	
Several	variations	of	testing	
models	were	fabricated.	All	
other	developments	were	
based	on	the	results	from	
this	stage.	
Demonstration	&	
feedback	
gathering	
This	is	to	display	the	models	
and	explain	concepts	to	a	
small	circle	of	people	and	
acquire	their	opinions	and	
suggestions.	
Physical	models	as	well	as	
other	visual	aids	are	
prepared	for	presentations	
and	exhibitions.	Feedbacks	
in	various	forms	are	taken.	
The	physical	models	
functioned	as	expected	in	
display,	and	feedbacks	from	
various	perspectives	were	
collected.	
Model	making	 According	to	the	nature	of	
the	designed	product,	this	
process	involved	activities	
such	as	computer	numerical	
control	(CNC)	routing,	
polyurethane	molding,	
sewing,	woodshop	
machining,	soldering,	and	
various	types	of	measuring.	
The	team	is	collaborating	to	
deliver	the	final	functioning	
model.	Industrial	designer	
Austin	Chen	and	mechanical	
engineer	Prateek	Garag	are	
collaborating	in	this	process.	
The	final	model	was	
assembled,	with	all	
appearance	parts	and	
electronics.	
Coding	and	
programing	
This	is	the	process	of	
assigning	a	code	to	the	
smart	device	system	for	the	
purposes	of	displaying	and	
better	realizing	the	purpose	
of	design.	
Software	engineer	Gary	Luo	
takes	the	role	of	programing	
the	interface	that	can	
communicate	with	the	
hardware.	The	process	is	
coordinated	by	industrial	
designer	Austin	Chen.	
A	functioning	user	interface	
was	programed	in	InteliJ.	
User	evaluation	 Similar	to	the	
demonstration	and	
feedback-gathering	process,	
we	bring	the	product	to	
more	audiences	to	uncover	
how	a	person	perceives	it	
before,	during	and	after	
interacting	with	it	(Usability,	
2013).	
It	is	expected	to	get	user	
evaluation	feedbacks	from	
30	subjects,	on	the	
functionality,	performance,	
expectations,	and	user	
experience.	
Applications	for	further	
research	on	human	subjects	
are	being	processed.	
Photograph	and	
videotaping	
This	is	to	record	the	design	
process,	especially	when	it	
involves	human	interaction.	
The	researchers	will	clearly	
record	visual	and	audio	
information	that	are	
necessary,	and	inform	the	
participants	the	use	of	these	
files.	
Pictures	and	videos	for	
presentations	and	
publications.	
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3.2	IDEATION	
	
3.2.1	Design	brief	
	
Based	on	the	evidence	found	in	the	previous	research,	it	is	determined	that	the	solution,	from	
the	perspective	of	industrial	design,	needs	to	satisfy	the	following	criteria	that	we	concluded.	
	
Repetition	being	the	key	for	building	postural	muscle	memory,	maximizing	the	percentage	of	
time	in	healthy	postures	is	believed	to	be	the	main	goal	for	design.		
	
Besides,	multiple	secondary	goals	were	confined	after	the	current	solution	analysis	and	users	
need	evaluation.		
	
1)	Positive	reinforcement	 	
The	motivation	of	the	users	to	improve	their	postures	is	one	of	the	decisive	factors	that	can	
determine	the	successfulness	of	this	design.	Psychologically	speaking,	if	users	can	receive	
rewards	when	a	favorable	behavior	occurs,	it	is	very	likely	that	the	behavior	will	occur	again	in	
the	future.	So,	the	behavior	will	be	strengthened.	
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2)	Severity	indication	
Despite	the	accuracy,	the	effectiveness	of	an	alert	system	can	be	very	limited	if	it	doesn’t	
indicate	the	severity	or	providing	any	information	on	posture	adjustment.	Therefore,	a	more	
user-friendly	system	is	needed,	instead	of	one	that	only	judges	“good”	or	“bad”.	
	
3)	Easy	decision	for	users	
Items	in	large	volume	or	with	a	large	value	are	very	hard	to	be	replaced	because	it	could	be	a	
hard	decision	to	make.	Similarly,	new	products	that	people	are	not	using	currently	everyday	
could	also	challenge	people’s	acceptability.	We	aim	at	making	our	product	an	easy	decision	for	
people,	especially	first-time	users.	
	
4)	Long-term	benefits	
As	we	understand	that	agonist	and	antagonist	muscles	come	in	pairs,	we	would	set	a	goal	for	
this	design	to	help	achieve	some	long-term	wellness	goals	for	the	users,	such	as	regaining	or	
building	muscle	balance,	building	capability	to	optimized	range	of	motion,	removing	fixated	
muscle	position,	and	preventing	postural	injuries.	
	
3.2.2	Brainstorming	
	
Based	on	the	research	findings,	the	team	came	up	with	a	total	of	53	preliminary	design	
concepts.	Later,	these	ideas	were	organized	into	4	major	categories:	software	solution,	games/	
activities,	fun	design,	wearables,	and	furniture.	
	 32	
	
Figure	15:	Ideation	roadmap	
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After	careful	selection,	4	major	directions	were	highlighted	for	potential	development.	
	
	
Figure	16:	Software	solution	
	
1)	Software	solution	
	
As	the	mutual	characteristics	of	target	users	being	that	they	are	living	on	screen-based	devices	
such	as	computers	and	smart	phones,	it	is	reasonable	to	take	those	devices	that	they	are	using	
everyday	as	an	existing	platform,	and	build	solutions	upon	it.	Considering	achieving	positive	
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reinforcement	and	visualization,	the	team	came	up	with	the	idea	of	utilizing	motion	sensors	to	
investigate	postures,	and	displaying	a	real-time	posture	indicator	on	the	screen.		
	
	
Figure	17:	Games/	fun	design	
	
2)	Games/	fun	design	
	
This	design	direction	aims	at	optimizing	users’	motivation	to	do	postural	exercises.	Adapted	
from	muscle	training	techniques,	some	movements	can	be	transformed	into	games	at	
workplace.	With	products	designed	specifically	for	these	purposes,	office	workers	could	be	
motivated	to	reduce	their	sitting	time	and	get	core	muscles	exercised.			
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Figure	18:	Wearables	
	
3)	Wearables	
	
For	the	purpose	of	designing	a	light,	portable,	and	seamless	product,	the	anticipated	solutions	
could	be	technologies	embedded	in	garments	and	accessories.	Within	the	feasibility	of	current	
technologies,	these	items	could	serve	as	alerting	as	well	as	sensing	devices	simultaneously.	
Aiming	at	a	hands-off	functioning	product,	wearables	for	postural	correcting	could	be	a	design	
direction	with	potentials.		
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Figure	19:	Furniture	
	
4)	Furniture	
	
The	office	workers	need	to	interact	with	office	furniture	constantly	for	typically	7	to	8	hours	a	
day.	The	chairs,	desks,	floor	mats,	etc.	can	all	be	potentially	re-designed	with	added	value	for	
posture	assisting.	Changing	the	form	and	materials	of	a	product	can	change	the	affordance,	
which	is	the	way	people	interact	with	it.	Embedded	sensing	and	alerting	technologies	can	add	
even	further	value	to	it.	
	 37	
	
3.2.3	Evaluation	
	
The	next	step	was	to	evaluate	the	advantages	and	disadvantages	of	each	direction	based	on	
evidence	and	reasons.	
	
Table	5:	Pros	and	cons	
Ideas	 Pros	 Cons	
Software	
Solution	 It	can	be	plausible	for	technology	users.	
Without	physical	interaction,	the	users’	
motivation	could	decrease.	
Games/	
Activities/	
Fun	Design	
Design	in	this	type	can	provide	an	immersion	
experience.	Users	can	form	a	more	emotional	
bond	to	it.	
The	audience	could	be	limited.	
It	could	be	distracting	at	the	workspace.	
Wearables	 It	could	be	light,	portable,	and	seamless.	 As	an	optional	new	item,	people	may	find	it	a	lifestyle	changing	decision	to	make	use	of	it.		
Furniture	
As	an	item	with	large	volume	and	not	
requiring	mobility,	furniture	may	have	more	
possibilities	for	design	to	play	with.	
The	scenario	of	usage	can	be	limited.		
It	could	be	a	big	decision	to	make	when	it	
comes	to	making	decisions	for	buying/	
replacing	an	item	with	large	value,	which	
could	be	unhealthy,	speaking	from	the	
perspective	of	new	product	inventors.	
	
The	“pros”	and	“cons”	with	the	consideration	of	various	factors,	helped	clarify	the	“dos”	and	
“don’ts”	for	the	design.	Bringing	all	factors	into	consideration	and	to	achieve	the	goal	of	design,	
the	team	narrowed	down	the	direction	of	forms	to	a	physical	product	and	a	digital	interface.	
The	aim	was	to	add	the	value	of	postural	assisting	to	an	everyday	item	that	is	already	
commonly	used	by	target	users.	Moreover,	this	item	is	envisioned	to	be	in	relatively	small	
volume,	and	ideally	with	features	that	can	bring	joy	to	people.	
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3.3	COMPETING	PRODUCTS	
	
This	section	is	a	study	on	competing	products	for	better	identifying	the	design	opportunities.	
Cases	were	selected	to	be	studied	for	their	similarities	in	form,	functionality,	and	target	user	
group	to	this	project.	These	products	are	all	utilizing	sensing	technology,	aiming	at	helping	users	
in	daily	office	environment	with	their	postures	by	real-time	alerting.	
	
3.3.1	Lumo	Lift	Posture	Coach	&	Activity	Tracker	
	
The	Lumo	Lift	is	a	sensory	wearable	device	and	an	activity-tracking	app	for	posture	alert.	Worn	
on	the	garment,	it	gently	vibrates	every	time	the	user	slouches	(Lumo	Bodytech	Inc.,	2016).	The	
technology	was	a	rechargeable	battery	powered	inertial	measurement	unit,	also	known	as	IMU	
sensor,	which	is	an	electronic	device	that	combines	accelerometers	and	gyroscopes	to	measure	
a	body's	specific	force	and	angular	rate.	A	picture	of	usage	scenario	shows	its	features.	
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Figure	20:	Lumo	Lift	Posture	Coach	&	Activity	Tracker	(Amazon,	2016)	
	
With	a	small	attachment	close	to	the	collarbones,	this	device	can	sense	the	body	movement,	
and	sync	the	data	to	smart	device	for	display.	This	product	is	currently	available	to	be	ordered	
online.	
	
Table	6:	Lumo	Lift	key	features	and	price	(Based	on	Lumo	Bodytech	Inc.,	2016)	
Key	Features	 Price	
Real-time	alerting,	activity	tracking,	history,	Bluetooth	wireless	syncing	 $69.99	~	$99.99	
	
The	key	features	of	this	product	were	listed	in	the	table	above.	However,	even	though	this	
device	is	light,	small	and	comfortable,	the	major	limitation	is	that	with	its	one	sensor,	it	can	only	
sense	movements	in	the	sagittal	plane.	In	other	words,	it	can	only	sense	slouching,	but	cannot	
do	much	about	the	body	tilting	in	coronal	plane	to	the	left	and	right.	It	is	also	challenged	in	
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posture	sensing	accuracy,	according	to	design	commentator	Sarah	Mistroff’s	comment:”	The	
Lift	app's	offers	too	much	design	and	not	enough	data	(Mistroff,	2015).”		
	
3.3.2	UpRight	Posture	Trainer	
	
Similar	to	Lumo-lift,	“UpRight”	is	a	posture	trainer	that	attaches	to	the	lower	back	and	vibrates	
when	the	user	slouch.	It	also	comes	with	an	app	for	iOS	or	Android	devices	and	Apple	Watch	as	
a	personalized	training	program	(Glassninja,	2015).	The	following	figure	shows	the	usage.	
	
		 	
Figure	21:	UpRight	Posture	Trainer	(Wie	Einfach,	2017)	
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UpRight	uses	a	hypoallergenic	adhesive	for	a	closer	contact	and	more	accurate	readings.	Using	
the	same	type	of	sensor	as	Lumo-lift,	it	can	however,	be	applied	to	more	user	scenarios	as	it	is	
closely	attached	to	human	body	which	helps	avoid	misreading	from	clothes	movements	(Ci,	
2014).	However,	the	real-time	vibrational	alert	could	be	an	underlying	frustration	and	a	
distracting	feature	for	users	as	it	can	get	triggered	too	frequently.	
	
Table	7:	UpRight	key	features	and	price	(Based	on	UpRight,	2017)	
Key	Features	 Price	
Real-time	alerting,	accurate	posture	sensing,	automatic	turn-off	feature	 $79.99	~	$129.99	
	
For	battery	saving	purpose,	this	device	knows	when	to	automatically	turn	off	as	its	stretch	
sensor	senses	the	skeleton	(Ci,	2014).	
	
3.3.3	Darma	
	
Another	innovation	in	the	market	for	posture	correcting	is	Darma.	They	describe	their	invention	
on	their	website	as:	“It	is	a	smart	cushion	that	monitors	your	posture,	sitting	habits,	stress	level,	
and	coaches	you	to	sit	better	(Darma,	2017).”		
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Figure	22:	Darma	Pro	(Future	Ideas	&	Technology,	2014)	
	
In	the	form	of	a	cushion,	this	product	is	dedicated	specifically	for	office	setups.	Different	to	
Lumo-lift,	UpRight,	or	most	of	the	other	posture	sensing	devices	in	the	market,	Darma	took	a	
different	sensing	approach,	Ballistocardiograph,	to	measure	postures.	Basically,	this	device	
measures	the	heart	rate	variability	in	certain	body	area	to	assess	the	pressure	distribution.	With	
this	technology,	Darma	could	accomplish	the	following	features.	
	
Table	8:	Lumo	Lift	key	features	and	price	(Based	on	Darma,	2017)	
Key	Features	 Price	
Sitting	time	reminder,	habits	report,	stress	level	monitoring,	stretching	
instructions	 $199	
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The	features	are	showing	that	this	device	focuses	on	the	overall	wellness	of	office	workers,	
assisting	not	only	the	postures,	but	also	spiritual	health.	
	
3.3.4	Insights		
	
From	analyzing	related	products,	the	researchers	were	able	to	better	understand	users’	
expectations	as	well	as	capabilities	and	limitations	of	current	technologies.	Several	new	
requirements	were	brought	up	from	this	research	stage.		
	
1)	Assessing	posture	in	both	sagittal	and	coronal	plane;	
2)	high	accuracy	in	posture	sensing;	
3)	seamless	and	easy	to	use;	
4)	energy	saving;	
5)	minimizing	discomfort	and	distractions	at	workplace;	
6)	overall	wellness	as	a	long-term	goal.	
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3.4	PROTOTYPING	AND	TESTING	
	
The	major	part	of	preliminary	modeling	and	functionality	testing	took	taken	place	from	October	
2016	to	February	2017.	Several	variations	of	prototypes	were	made	with	a	layout	of	pressure	
sensors	to	assess	the	change	of	sitting	postures	on	a	surface.	The	prototyping	and	testing	were	
for	the	purpose	of	understanding	the	viability	of	this	sensing	and	alerting	system,	before	the	
team	got	down	to	design	the	form,	appearances,	tactile,	and	other	details.	
	
The	first	low-fidelity	model	was	made	in	January	2017.	It	was	a	scared-down	model	with	6	
pressure	sensing	units	connected	to	an	Arduino	board.	The	purpose	was	to	test	if	this	type	of	
sensors	is	capable	for	sensing	the	center	of	pressure	excursion	on	a	sitting	surface.	
	
	 	
Figure	23:	Sketch	models	with	pressure	sensors	
	
As	shown	in	the	photographs,	6	sensors	were	wired	and	taped	on	a	piece	of	soft	fabric	and	
placed	on	an	office	chair	in	the	first	model.	The	researcher	sat	on	it	and	tried	to	position	his	
body	to	different	postures,	and	recorded	the	changes	in	readings	on	each	sensor.	This	model	
managed	to	sense	the	pressure	change,	although	accuracy	was	limited	by	the	rigidity	of	the	
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office	chair	cushion	and	the	number	of	sensors.	Some	sensors	would	read	zero	when	the	body	
was	not	sitting	exactly	on	top	of	it.	Therefore,	the	next	step	for	the	researchers	was	to	redesign	
the	sensor	layout	and	to	add	rigid	materials	to	the	sensor	board	to	cope	with	the	flexible	seat	
surface.		
	
The	second	variation	of	hardware	was	done	after	several	modifications.	This	is	a	full-size	model	
with	re-engineered	circuit	board	layout.	
	
	
Figure	24:	Second	prototype	model	soldering	(left),	layout	(middle)	and	testing	(right)	
	
In	this	model,	a	total	of	12	pressure	sensors	were	used.	Via	testing,	12	is	believed	to	be	the	
most	suitable	number	of	sensors	for	accurately	sensing	the	postural	pressure	change.	To	cope	
with	the	reading	error,	the	team	came	up	with	the	idea	of	building	a	“sandwich”	structure	by	
placing	sensors	on	a	soft	foam	board	in	between	2	rigid	acrylic	boards.	The	structure	is	shown	in	
the	following	sketches.	
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Figure	25:	“Sandwich”	structure	sketches	by	the	research	team	
	
This	new	engineering	solution	helped	distribute	pressure	on	the	surface	and	avoid	sensors	
reading	zero,	and	successfully	decreased	the	errors	when	functioning	on	top	of	soft	cushions.	
	
Along	with	the	hardware	development,	the	team	took	several	attempts	to	prototype	and	test	
the	exterior	model.	The	process	started	with	sketches,	clay	models	and	digital	models	built	in	
computer	aided	design	(CAD)	software.		
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Figure	26:	Clay	model	(left)	and	preliminary	CAD	model	(right)	
	
For	ergonomic	comfort,	the	team	hand-crafted	a	full-size	cushion	model	based	on	body	shape.	
It	was	later	photographed	and	used	as	reference	for	CAD.	The	digital	model	was	done	and	
transferred	to	a	CNC	routing	machine	for	accurately	fabricating	rigid	foam	model.		
	
	 	
Figure	27:	CNC	routing	(left)	and	rigid	foam	model	(right)	
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As	the	physical	model	was	built,	the	researcher	managed	to	physically	sit	on	and	interact	with	
the	full-size	model.	This	prototype	played	a	crucial	role	in	form	evaluation.	Based	on	this	model,	
the	researchers	made	decisions	on	changes	and	modified	the	CAD	model.		
	
Meanwhile,	the	team	decided	to	use	polyurethane	to	create	a	flexible	cushion.	Second	round	of	
CNC	routing	took	place	for	building	a	mold	for	expanding	foam	modeling.		
	
Figure	28:	FlexFoam-iT!	X	(Reynold’s	Advanced	Materials,	2014)	
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After	comparison	with	different	types	of	foam	in	density	and	flexibility,	a	strong	flexible	casting	
foam,	FlexFoam-iT	X,	was	selected	for	the	best	outcome.	Liquid	A	and	B	being	mixed	together,	
this	liquid	foam	was	poured	into	a	prepared	mold	that	is	shown	in	the	following	photograph.	
	
	 	
Figure	29:	Cushioning	material	modeling:	expanding	foam	modeling	(left),	cushion	model	(right)	
	
The	liquid	foam	soon	expanded	and	formed	into	a	flexible	cushioning	shape	as	desired.	Pulled	
out	from	the	mold,	the	cushion	model	worked	as	a	suitable	housing	for	the	hardware.	Fabrics	
and	zippers	were	later	sewed	to	complete	the	prototype.	
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Figure	30:	The	fabric	case	
	
With	the	completion	of	the	fabric	case,	a	minimum	viable	model	was	done,	concluding	the	
prototyping	and	testing	stage	of	this	project.	In	this	stage,	the	research	team	explored	the	
possibility	of	the	pressure	sensing	technology,	and	came	up	with	several	creative	solutions	for	
sensing	posture	excursion	on	seat	surfaces.	 	
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3.5	REFINED	SOLUTION	
	
The	solution	got	modified	and	refined	from	January	2017	to	April	2017.	At	this	stage,	the	team	
built	final	CAD	models	and	renderings,	modified	hardware	and	software,	made	hi-fidelity	
models,	and	took	videos	and	photographs.	
	
The	final	design,	PosturSense	Cushion,	is	a	re-innovated	everyday	product	that	utilizes	pressure	
sensing	technology,	aiming	at	assisting	users	to	regain	awareness	of	postures	to	achieve	a	long-
term	wellness	benefit.	The	design	consists	of	a	redesigned	cushion	and	a	posture	indicator	to	
be	displayed	on	smart	devices.		
	
	
Figure	31:	PosturSense	Cushion	overview	
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The	2	major	features	that	this	cushion	has	are	posture	improving,	and	a	user-friendly	way	of	
alerting.	In	general,	the	users	would	receive	postural	correcting	information	from	both	tactile	
and	visual	assist.	
	
3.5.1	Redesigned	Cushion	
	
The	cushion	is	in	a	wedge-shaped	form	covered	in	a	fabric	case	with	non-slip	silicon	strips.	As	
shown	in	the	following	figure,	the	footprint	of	this	cushion	is	finalized	to	be	16	by	16	inch.	The	
silicon	strips	layout	is	designed	in	a	ripple	form	in	response	to	the	user	interface	graphics.	
	
	
Figure	32:	PostureSense	Cushion	dimensions	
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According	to	the	market	research,	cushions	in	this	size	are	predicted	to	be	applicable	to	most	
office	chairs.	This	dimension	also	assures	adequate	space	for	the	hardware	to	be	housed.	
	
The	wedge	shape	of	PosturSense	Cushion	is	designed	to	be	approximately	13º.	The	result	is	
supported	by	evidences	from	ergonomic	studies.	
	
	
Figure	33:	The	wedge	angle	(Based	on	The	Back	Centre	LTD,	2009,	Stensland,	2014,	and	Grandjean,	1980)	
	
Studies	by	Etienne	Grandjean	indicate	that	VDT	operators	have	preferred	13-15-degree	
backward	incline	(Grandjean,	1980).	At	this	angle	the	pressure	on	the	intervertebral	discs	is	
minimal.	Based	on	the	study	result	from	the	Back	Centre	LTD	(Ivybridge,	U.K.),	the	angle	assures	
a	more	open	angle	between	body	and	upper	leg,	preventing	the	inward	curve	of	lumbar	spine	
being	flattened	out.	
	
The	contour	on	the	top	of	the	cushion	helps	support	the	pelvis	in	a	healthy	position	which	is	
avoiding	either	anterior	or	posterior	tilt.	
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Figure	34:	Curved	contour	for	pelvis	arch	support	
	
As	shown	in	the	figure,	the	biomechanical	structure	of	human	pelvis	determines	that	even	a	
small	inward	or	outward	tilt	can	cause	the	spine	to	be	positioned	in	an	overhyped	angle,	
increasing	pressure	in	the	inner	surface	of	each	vertebrae.	The	contour	of	the	cushion	was	
designed	specifically	to	position	the	pelvis	in	the	neutrally	upright	position	so	as	to	ensure	spine	
maintaining	a	natural	curve,	offsetting	the	negative	influence	created	by	seat	surface	angle	to	
the	spine.	
	
Along	with	the	upper	contour,	the	cushion	also	has	a	groove	that	continues	to	the	back	of	the	
cushion.	This	“cut	out”	design	is	dedicated	specifically	for	coccyx	(tailbone)	comfort.	
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Figure	35:	Cut	out	design	for	coccyx	(tailbone)	comfort	
	
The	natural	suspension	position	of	coccyx	is	that	it	rests	lower	than	the	buttock	cheeks.	A	flat	
seat	surface	can	put	body	weight	on	the	coccyx	and	cause	pressure.	Therefore,	a	cut	out	design	
can	set	the	tailbone	at	ease	when	sitting.	
	
PosturSense	Cushion	is	a	modular	system.	The	cushion	itself	can	be	transitioned	as	a	back	
pillow	as	well,	as	the	supporting	contour	for	the	back	is	the	same	as	it	is	for	the	buttock.		
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Figure	36:	Multi-purpose	usage	
	
With	this	feature,	this	product	is	providing	users	with	options	to	choose	their	preferred	way	of	
interaction,	and	satisfying	a	larger	variety	of	needs	in	the	office	environment.	
	
The	cushion	is	applicable	to	various	occasions	for	posture	correcting	and	training.	The	following	
photographs	showed	its	usage	on	a	car	seat	and	a	couch	at	home.		
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Figure	37:	Usage	in	a	car	(left),	and	at	home	(right)	
	
These	are	also	scenarios	besides	office	environment	where	people	will	sit	and	hold	their	
posture	for	a	long	time.	PosturSense	Cushion	can	be	used	on	various	type	of	seat	surface	and	
function	the	same	way.		
	
3.5.2	Posture	indication	and	smart	alerting	system	
	
A	corresponding	algorithm	was	created	for	translating	data	from	a	layout	of	force-sensitive	
resistors	to	a	center	of	pressure	(COP)	indication.	In	this	way,	the	postures	can	be	visualized	and	
monitored.	
	
When	a	sitting	posture	is	changed,	the	COP	should	also	change	accordingly.	Therefore,	the	COP	
excursion	is	correlated	to	the	change	of	the	angle	between	one’s	body	and	the	surface.	
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Figure	38:	COP	and	the	“green	zone”	of	appropriate	posture	
	
The	graphic	is	illustrating	the	correlation	between	sitting	postures	and	COP.	When	a	person	is	
sitting	in	his	upright	position,	his/	her	COP	should	be	in	the	center	of	the	seat	surface.	As	an	
acceptable	range	of	COP	movement,	the	“green	zone”,	being	set,	the	system	can	send	out	alert	
when	the	moves	away	from	this	zone.	
	
A	posture	indicator	is	designed	to	be	displayed	on	the	screen	of	a	smart	device.	The	system	
translates	the	COP	excursion	to	info-graphics	for	the	users	to	visualize	their	posture	change.	
	
	
Figure	39:	The	posture	indicator	
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This	is	the	interface	of	the	posture	indicator	on	the	screen.	The	dot	represents	where	the	COP	is	
in	the	zone,	and	the	color	indicates	the	distance	and	duration	of	the	COP	being	off-centered.	
When	the	person	starts	to	either	tilt	to	one	side	or	slouch,	the	dot	moves	accordingly	indicating	
where	the	COP	is	moving	towards.	The	more	severely	the	person	is	off-centered,	the	more	
orange	the	dot	will	turn.	When	an	inappropriate	posture	has	been	held	for	over	2	minutes,	the	
dot	would	turn	red,	and	the	device	will	send	out	a	vibrational	alert,	suggesting	that	the	person	
should	either	adjust	his/	her	posture,	or	leave	the	seat	for	a	stretch.	
	
Conclusively,	this	alerting	system	is	hierarchical,	showing	the	severity	of	one’s	posture.	Instead	
of	simply	judging	a	posture	as	“good”	or	“bad”,	PosturSense	Cushion	functions	in	a	relatively	
gentle	way.	With	visualization	features	added	to	the	system,	the	users	can	see	how	far	they	are	
off	from	a	preferable	posture,	and	get	the	directional	information	from	the	screen	on	how	to	
move	and	re-align.	
	
3.5.3	Usage	scenario	
	
1)	Calibration	
The	user	should	first	connect	the	device	to	a	computer	via	cable	or	Bluetooth,	then	sit	on	it	and	
click	the	“Calibration”	button	with	the	cursor.	The	small	green	dot	will	show	up	on	the	screen	
indicating	the	COP.		
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Figure	40:	Calibration	procedure	
	
As	the	user	calibrates,	the	posture	he/	she	is	holding	at	that	moment	will	be	taken	as	a	
centered	upright	position.	It	is	going	to	be	referred	to	as	a	desirable	posture	for	adjusting.	The	
window	on	the	screen	can	be	moved	freely.	
	
After	sitting	for	a	while,	the	user	may	start	to	tilt	or	slouch.	
	
	 	
		 	
Figure	41:	Posture	change	and	center	of	pressure	indicator	
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The	dot	will	move	accordingly	to	which	direction	the	person	is	tilting	towards.	The	color	of	it	
will	change	from	green	to	orange	as	it	moves	away	from	the	center.	When	an	inappropriate	
posture	has	been	held	for	over	2	minutes,	the	dot	will	turn	red,	and	a	gentle	vibration	will	be	
sent	out	from	the	cushion.	
	
	
Figure	42:	Adjusting	posture	(left)	or	leaving	the	seat	(right)	when	being	alerted	
	
Being	alerted	by	either	the	tactile	feedback	or	visual	signal,	the	user	will	be	guided	to	adjust	his/	
her	posture	back	to	the	calibrated	upright	position.	He/	she	can	also	choose	to	leave	the	seat	
for	a	stretch.	The	device	will	automatically	turn	off	when	the	user	is	not	sitting	on	it.	
	
To	check	the	progress,	the	user	will	go	the	history	page.	Postural	performance	of	each	hour,	
day,	week,	and	month	will	be	recorded	and	shown	in	bar	charts.	
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Figure	43:	Posture	history	
	
The	entire	design	is	aimed	to	be	positively	reinforcing	so	as	to	encourage	users.	The	system	
would	keep	sending	out	positive	messages,	informing	users	of	their	appropriate	postures,	
aimed	at	creating	a	satisfying	experience.	Observing	the	center	of	pressure	excursion	on	the	
screen	and	trying	to	keep	an	appropriate	posture	could	be	as	well	a	gaming-like	experience.	
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3.5.4	Electronic	components		
	
The	major	sensing	components	for	this	device	are	the	Force-sensitive	resistors	(FSR),	which	
detected	physical	pressure,	squeezing	and	weight.	They	are	basically	resistors	that	change	their	
resistive	value	(in	ohms	Ω)	depending	on	how	much	is	being	pressed	(Adafruit,	2009).	
	
	
Figure	44:	Electronic	components	
	
The	functionality	was	achieved	by	a	total	of	12	FSRs.	The	electronic	signals	from	each	FSR	were	
collected	by	a	Arudino	Uno	microcontroller.	The	data	were	then	sent	to	the	computer	to	
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function	the	software.	After	processing,	some	commands	were	then	sent	back	to	the	hardware.	
Receiving	these,	the	microcontroller	will	function	the	vibration	motors	to	alert.	
	
For	protecting	the	hardware	and	increasing	the	accuracy	of	data	reading,	the	team	finalized	the	
concept	that	was	tested	during	prototyping	stage.	That	is	placing	one	rigid	acrylic	board	on	each	
side	of	the	circuit	board	to	form	a	“sandwich”	structure.	
	
	
Figure	45:	Explode	view	of	interior	structure	
	
The	3-D	rendered	graphic	is	an	illustration	of	the	interior	structure	of	this	device.	The	protective	
shields	were	made	from	acrylic,	a	type	of	flexible	yet	stiff	material.	The	entire	hardware	part	is	
housed	in	between	2	cushioning	foams.	They	are	made	from	expanding	polyurethane	in	a	CNC	
routed	mold.	
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3.5.5	Exhibition	
	
The	project	was	exhibited	to	the	public	at	the	2017	Master	of	Fine	Arts	Show	(University	of	
Illinois,	Urbana-Champaign,	Illinois),	which	lasted	for	2	weeks	in	April.	The	device	was	open	to	
the	attendees	to	try	out.		
	
	 	
Figure	46:	PosturSense	Cushion	demonstration	at	exhibition	
	
The	demonstration	showed	the	capability	of	this	device	to	the	audiences.	From	that,	the	team	
received	feedbacks	about	different	aspects.	The	committee	faculties	and	major	researchers	of	
this	project	presented	at	the	exhibition.	
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Figure	47:	Committee	members	and	researchers	at	2017	MFA	Show:	Dr.	Deana	McDonagh	(top	left),	Prof.	David	
Weightman	(top	right),	Dr.	Elizabeth	Hsiao-Wecksler	(lower	left),	Prateek	Garag	and	Austin	Chen	(lower	right)	
	
The	exhibition	affirmed	the	research	value	and	potential	market	value	of	this	product.	The	
research	and	development	of	this	project	will	be	continued	by	the	team.		
	
3.5.6	Envisioning	
	
The	PosturSense	Cushion	is	beyond	being	just	a	product.	It	could	serve	as	an	inspiration	for	
postural	technology	and	design	research	in	the	future.	The	product	itself	is	envisioned	to	be	a	
smart	module	that	can	have	multiple	applications	of	use.	
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In	the	future,	products	that	assist	human	wellness	will	be	needed	in	all	aspects	of	daily	life.	
Technologies	are	foreseen	to	be	much	seamlessly	involved	in	people’s	daily	life.	Information	
synchronization	and	interactions	will	occur	among	devices	of	different	types	for	convenience.	
	
	
Figure	48:	Future	extension	
	
According	to	the	foreseen	future,	the	software	will	feasibly	transform	into	applications	on	
devices	in	various	type	of	operating	systems.	A	more	advanced	burnt-in	operating	system	
would	even	allow	it	to	function	itself,	without	another	device	being	connected.		
	
Such	postural	smart	device	could	easily	tackle	the	financial	inefficiency	of	face-to-face	
interaction	between	doctors	and	patients.	Thus,	the	patients	would	feel	less	stressful	during	
physical	therapy	visits.	As	the	postural	performance	data	can	be	recorded	and	synchronized	on	
doctors’	and	patients’	devices,	training	and	curing	can	be	simply	monitored.	
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Applicable	in	various	occasions,	this	technology	can	be	adopted	by	manufacturers	of	traveling	
gear,	office	applications,	and	even	airline	seating.	They	will	assist	postures	in	multiple	different	
scenarios	for	a	larger	variety	of	audiences.	
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CHAPTER	4:	LIMITATIONS	AND	RECOMMENDATIONS	
	
4.1	LIMITATIONS	
	
Constrained	by	various	factors,	researchers	of	this	study	did	come	across	conditions	and	
influences	that	cannot	be	controlled.	The	design	solution	also	has	certain	shortcomings.		
	
1.	Performance	and	durability	of	sensors	
The	sensors	(FSRs)	being	used	in	this	design	for	device	functionality	were	purchased	from	the	
market.	They	are	not	initially	tailored	for	this	device.	Their	performance	and	durability	could	be	
inconsistent	to	a	certain	extent.		
	
2.	Options	on	electronic	components	and	materials	
The	current	design	being	a	practically	viable	model,	there	could	be	better	options	on	electronic	
components.	Some	parts	can	be	potentially	customized	for	reduced	volume	and	weight.	As	
technology	advances	in	the	future,	the	product	can	be	developed	furthermore.	
	
3.	Underlying	needs	
This	study	is	focusing	exclusively	on	creating	an	efficient	solution	for	the	postural	health	
problem.	However,	we	won’t	exclude	the	possibility	that	other	user	needs	can	be	satisfied	by	
this	product,	which	generates	possibilities	for	future	research	and	development.	
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4.	Individual	characteristics	of	users	
Because	each	human	body	has	a	different	level	of	sensitivity	on	tactility,	color,	blinks,	and	so	
on,	the	effectiveness	of	this	product	can	differ	from	person	to	person.		
	
Conclusively,	limitations	on	this	study	is	subjected	to	several	exterior	factors	that	can’t	be	
controlled	by	the	researchers	of	this	study.	However,	these	may	create	opportunities	for	
further	research	and	development	on	this	project.	
	
4.2	RECOMMENDATIONS	
	
Based	on	the	current	accomplishment,	a	future	research	plan	was	made	by	the	team.	The	next	
step	of	this	project	will	be	as	follows:	
	
1.	Design	variations	and	modifications	
	
As	the	research	continues,	the	design	should	be	modified	based	on	new	findings	and	context.	
	
2.	Human	subject	testing	
	
To	better	assess	the	functionality	of	PosturSense	Cushion,	it	is	important	to	get	the	users	
involved	in	the	testing,	and	compare	the	COP	sensing	accuracy	of	this	device	to	a	golden	
standard	force	sensing	device.	Therefore,	the	team	submitted	a	functional	assessment	plan	to	
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the	Institutional	Review	Board	(IRB)	of	UIUC,	and	received	the	approval	in	July	2017	for	human	
subject	testing.	The	testing	set-up	is	as	shown	in	the	following	photograph.	
	
	
Figure	49:	PosturSense	Cushion	prototype	on	a	Force	Plate	
	
The	cushion	will	be	placed	on	top	of	a	Force	Plate,	and	human	subject	will	sit	on	it	and	be	asked	
to	lean	to	certain	positions.	A	total	of	30	participants	will	be	invited	to	the	testing	in	July	and	
August	2017.	
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3.	Patenting	
	
The	researchers	will	search	and	ensure	this	invention	has	no	conflict	with	existing	patents.	The	
team	should	apply	for	patenting	to	protect	their	intelligent	property.			
	
4.	Publication	
	
The	research	result	and	design	concept	should	be	published	in	academic	journals	and	other	
platforms	to	get	further	exposed	to	public	for	optimizing	the	influence	and	academic	value.		 	
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CHAPTER	5:	CONCLUSION	
	
Identifying	an	immerging	postural	health	problem	of	18	to	35-year-old	office	workers,	the	
research	team	from	UIUC	visualized	a	solution,	utilizing	sensing	technology	in	the	form	of	a	re-
designed	cushion	with	postural	assisting	and	smart	alerting	features.	It	is	a	solution	for	
discreetly	monitoring	young	people’s	posture	by	sensing	and	movement	assistive	technology.	
	
As	the	research	is	showing,	back	injury	is	causing	an	enormous	financial	and	workforce	loss	in	
society.	Posture	health	is	getting	on	people’s	nerve	and	increasingly	drawing	people’s	attention	
nowadays.	This	device	is	designed	for	improving	people’s	postural	wellness	to	reduce	such	
losses.	For	precaution	instead	of	cure,	this	design	is	trying	to	let	the	young	adult	population	
learn	how	to	live	a	healthy	life	before	their	poor	posture	turns	into	chronic	diseases.		
	
It	is	an	anticipated	area	that	the	product	can	be	a	“culture	input”	in	the	young	generation	
lifestyle,	benefiting	their	future.	It	is	almost	predictable	that,	in	the	rest	of	their	life,	they	will	
continue	being	users	of	those	products	that	they	got	used	to	in	early	ages.	As	healthy	posture	
can	be	acknowledged	as	an	attractive	culture,	young	people	would	tend	to	follow	the	trend	and	
form	good	habits	that	benefit	their	future.	The	ultimate	goal	for	this	project	is	to	form	and	
strengthen	this	culture.		
	
In	conclusion,	this	thesis	is	in	support	of	an	assumption	that,	in	the	long	term,	sensing	and	
assistive	technologies	would	offer	to	improve	people’s	postural	health	by	helping	regain	and	
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build	muscle	balance,	remove	fixated	muscle	position,	and	prevent	trauma	resulted	from	
inappropriate	postures.	
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The	supplementary	file	[PosturSense	Cushion	Demonstration	Video.mp4]	is	a	3-minute	
recording	of	an	introduction	to	the	final	design.	The	video	consists	of	an	overview	to	this	
project,	an	elaboration	of	the	design	solution,	and	a	usage	demonstration	of	the	working	
model.		
